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Abstract 
Transition towards energy efficient cities requires an effective upgrade of all the different areas of urban energy 
production, distribution and use. The paper presents a method for collecting the information required for analysing the 
technical variation of strengths and weaknesses in infrastructure capabilities in European medium-sized cities, as well 
as to help identify best practices and tools for enhancing the energy performance of city energy systems. 
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1.Introduction 
The technological developments of the last few decades have modified all aspects of our daily activities 
as well as our living environment. Today, more than half of the world’s inhabitants live in cities, and while 
it is expected that urban population will continue to grow, rural population is expected to decrease. 
The effective use of technology in our city services (e.g. transportation, energy production and 
distribution, waste management, etc.) have led to the development of “smart cities”. This concept was firstly 
used in 1994 [1] and the projects founded in this issue have increased significantly over the last decade, 
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specially thanks to the efforts of the European Union to increase the development of smart cities projects 
for medium- and large-sized cities. The main challenge, however, is that there are no one-size-fits-all 
solutions that can be directly applied to all types of cities. Moreover, the large majority of urban research 
in smart cities has focused on large-cities, even though, most of the population in Europe lives in medium-
sized ones, suggesting a considerable research potential for these city types [2]. Furthermore, in 2014 it was 
estimated that over 75% of the population in Europe lives in urban areas and by 2050 this share is expected 
to reach 84% [3], [4]. Given the high impact of urban population on energy consumption and CO2 emissions 
[5], it becomes of great importance to determine the best practices and technologies that could help improve 
the efficiency of cities in Europe  
In order to evaluate the impact of each technology and service, in this paper, several energy efficiency 
indicators have been developed and others have been selected from existing methods in the literature, so 
that the cities can use them for developing monitoring and ranking tools to help them compare their energy 
performance with similar cities. The method has been partially applied to six medium-sized cities in Europe, 
where several domains and key fields representing all city energy systems have been analyzed. 
 
Nomenclature 
Abbreviation 
DH  District heating 
CHP  Combined heat-and-power 
IEA  International Energy Agency 
EU  European Union 
2.Material and Methods 
The methodology developed and presented in this paper is based on the initiatives and strategies carried 
out in the PLEEC project – "Planning for Energy Efficient Cities" – funded by the EU Seventh Framework 
Programme [6], more specifically, under the work package responsible for identifying the technology-
driven energy efficiency potentials. In the project, six medium-sized cities in Europe are participating as 
pilots (Table 1), in order to provide specific information about their energy systems and city management 
aspects.  
2.1.Domains and Key-Fields 
18   Javier Campillo et al. /  Energy Procedia  88 ( 2016 )  16 – 22 
All the energy systems involved in the operation of medium-sized cities were classified in several domains 
and key fields, as a result of the collective contribution of city representatives and key field experts in city 
planning and energy systems. This classification helps categorize all the different technologies involved in 
different city energy systems, so that their impact on each key field and domain can be compared. Results 
are shown in Table 2. 
In order to establish a baseline, a general survey was sent out to all city representatives in the project, in 
order to establish the level of relevance of each key field on energy efficiency improvement for their 
particular cities. Results are shown in Fig 1. 
 
Table 1 Pilot cities in Europe in PLEEC 
 
City Country 
Eskilstuna Sweden 
Tartu Estonia 
Turku Finland 
Santiago de Compostela Spain 
Stoke-on-Trent United Kingdom 
Jyväskyla Finland 
 
Table 2 Selected domains  
 
Domain Key Fields 
Green buildings and land use Renovation 
Building Technology 
Public transport 
Mobility and transport Motorized private transport 
Pedestrian traffic and cycling 
Transport of goods 
Waste, water and sewage management 
Technical Infrastructure Electric power grids 
Heating and cooling grids 
Public lighting 
Production & Consumption Industry and commerce 
Private and public services 
Consumers/Private Households 
Renewable energy 
2.2.Technologies 
A list of 28 different projects for improving energy efficiency in the pilot cities, as well as other similar 
ones in Europe were analyzed, in order to extract the most successful and innovative technologies used. A 
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resulting number of 93 different technologies were extracted and associated with the corresponding key 
field and domain where their impact on energy efficiency is the highest. 
2.3.Indicators 
The method for sequencing the indicators used in different city rankings was described systematically 
by [7] for 70 EU cities and used as a baseline. Additionally, 9 indicators were added for a total number of 
58 energy efficiency indicators, and each one was linked with a specific key field and domain.  
2.4.Technology Adaptation Assessment tool 
The technology assessment tool is an online dynamic spreadsheet where technology experts of the work 
package have linked 93 technologies extracted from 28 case studies of energy efficiency improving 
projects, with the cities’ energy efficient indicators presented in section 2.3.  
The online tool contains multiple spreadsheets, each one for each specific domain and key field, where 
all the indicators and technologies are linked together. For each enabling technology, the color-coded rating 
of low, medium or high is determined, based on its impact on its associated indicator. Likewise, for each 
individual city, the adoption level of each technology is also determined, based on the following criteria: 
 
Table 3 City technology adoption level criteria  
Adoption Level Criteria 
LOW Technology not available in the city. No demonstrations or just a few only available.  
MED Several demonstration and pilot projects have been conducted.  
HIGH General population already has access and uses the technology on a regular basis.  
3.Results and Discussion 
The level of relevance of each key field for improving energy efficiency in each city was ranked 
numerically as Low (1) Med (2) or High (3). 
From the initial assessment, new technologies for building renovation were considered the most relevant 
ones for increasing the overall energy efficiency of all the cities, with the score of 17 points out of the 18 
maximum (94%). The second most relevant key fields for the cities were public transport, electric power 
grids and public lighting with a score of 15 points each (83%). The least relevant key field was fossil and 
nuclear energy with a score of 6 points (33%), as it was considered not as “new or innovative” technology 
that could help improve energy efficiency in the cities. In consequence, this key field was eliminated from 
the second version of the technology assessment tool.  
An example for the adoption level of each technology analyzed in the transportation domain is presented 
in Fig 2. The technology with the highest adoption was “high quality buses”. Other technologies, like 
“Dedicated bicycle lanes” experienced an overall high adoption level, for Jyväskyla, Tartu and Stoke-on-
Trent, but low for Santiago de Compostela, Eskilstuna and Turku. Other technologies presented a more 
mixed adoption level and similar analyses were obtained from different domains. When both technology 
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adoption level and impact on each indicator are looked at together, city planners can make better decisions 
about which technologies development to focus on.  
 
 
 
Fig 1. Key field technology priority for each city 
 
Fig 2. Transportation Technology Impact on the Indicator 
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4.Conclusions 
A method for collecting the information required for analyzing the variation of strengths and weakness 
in technical and infrastructure capabilities in European medium-sized cities has been developed. Six 
medium-sized European cities have been analyzed in depth in order to develop a flexible tool that would 
allow them to collect, categorize and analyze the impact of different technologies on the efficiency of city 
energy systems.  
In order to ensure a successful replication of the technology adoption experiences from other cities, each 
technology should be adapted to the local conditions, therefore, good information tools can allow city 
planners design better city action plans that can help improve the overall energy efficiency of their 
infrastructure.  
Moreover, there is a great potential for innovation within the cities for improving existing technologies 
and from learning from other cities’ experiences. The presented tool offers a simple way to identify the 
most effective technologies as well as to determine the existing adoption gap to overcome in order to reach 
full technology development in the city.  
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